Sexual size dimorphism (SSD) is an extensively studied phenomenon in animals, including 22
growth can be attributed exclusively to the elimination of reproductive costs. 111
112

Material and methods 113 114
The Madagascar ground gecko is a species well-suited for studying the proximate control of 115 SSD development. These lizards are easily bred and maintained in the laboratory, where they 116 grow rapidly and mature at an early age (~3 months). We have detailed information on the 117 ontogeny of SSD from our previous growth experiment where females were mated soon after 118 sexual maturation and reproduced regularly. Under these conditions, males and females 119 followed the same growth trajectory. Growth was asymptotic in both sexes, but males 120 decelerated growth upon reaching a body size larger than that of females (Starostová et Prague, Czech Republic) was always provided but was replaced for one day in every two 148 weeks by water supplemented with vitamins A, D 3 and E (Combinal A+D 3 and Combinal E; 149 IVAX Pharmaceuticals, Opava, Czech Republic). Body mass and SVL of geckos were 150 measured every month. When it was possible to determine the sex of each individual 151 according to external morphology (enlarged hemipenal sacs in males), we assigned 40 males 152 to three groups (Intact, Testosterone, Castrated) and 40 females to four groups (Intact, Mated, 153
Testosterone and Ovariectomized). Individuals were assigned to treatment groups so that each 154 group was balanced with respect to age, body mass and SVL within each sex. 155
Surgery was conducted on sexually mature but not fully grown animals between the ages 156 12 to 16 weeks. Animals were anaesthetized by combining intramuscular injection of 157 ketamine (Narkamon 5%, Spofa a.s., Prague, Czech Republic; 130 μ g/g of body mass) and 158 hypothermia. The gonads were exposed via a medial ventral incision. Bilateral gonadectomy 159 was performed on Castrated males, Testosterone males and Ovariectomized females, by 160 ligating each gonad with surgical silk, then ablating and removing it. For the remaining 161 groups, "sham" surgeries were performed, during which gonads were exposed and 162 manipulated, but left intact. Implants filled with 300 ca. one month), each Mated female was allowed to mate with an adult male from our breeding 171 colony. The males were present in female cages for one day per month. All remaining groups 172 were kept in isolation until circulating T levels were measured in all experimental animals. 173
To determine final body size, we followed the growth curve of each individual. When the 174 growth of all animals slowed considerably, at approximately 28 weeks after surgery, wetested for six consecutive weeks (these behavioural results will be published elsewhere). The 178 experimental animals were then sacrificed and measurements of final body mass, final SVL 179 and mass of internal organs were recorded. For comparisons of final body condition and final 180 body mass in females, we subtracted the mass of the ovaries and oviducts from the total body 181 mass, which allowed us to control for differences in reproductive stages among individuals. 182
Hormone treatments were verified by assaying plasma T levels at the Institute of 183 Endocrinology (Prague, Czech Republic) from plasma samples using the method published by 184
Hampl (1994). The method involves extracting steroid hormones from plasma with diethyl-185 ether followed by radioimmunoassay using rabbit polyclonal antiserum to testosterone-3-186 
Results
212
Validation of manipulations with hormone levels, reproductive and growth status 213
In the overwhelming majority of experimental animals, levels of plasma T measured 28 214 weeks after manipulation met our expectations and validated our experimental procedures. 215
Intact males exhibited large variation in circulating levels of T, with values ranging from 3.30 216 to 144.22 ng per ml of blood plasma (n = 13, mean 39.63 ng/ml, Fig. 1 ). Implantation with 217 exogenous T elevated plasma androgens in 11 out of 14 Testosterone males and in 10 218
Testosterone females to levels comparable to those of Intact males (Fig. 1) . However, three 219
Testosterone males showed very low levels of T, comparable to those of Castrated males. 220
These three unsuccessfully manipulated individuals were excluded from all analyses, but their 221 inclusion does not change any result. Surgical castration reduced plasma T in the Castrated 222 males (n = 13) to low levels comparable to those of the Intact females (n = 9), Mated females 223 (n = 10) and Ovariectomized females (n = 9). One Intact female and one Ovariectomized 224 female died during the experiment, and were excluded from all analyses. The predictions from neither the "gonadal androgen" hypothesis nor the "reproductive cost" 289 hypothesis were supported by the experimental manipulations in P. picta. Our results instead 290 suggest that ovarian factors -perhaps ovarian hormones -can retard growth in lizards and 291 thus may contribute to the development of SSD. We found no effect of gonad removal and 292 androgen replacement on final body length in males (Fig. 3A) , although exogenous T led to 293 larger final SVL in females (Fig. 4A) . While removal of the energetic investment into 294 reproduction in females by ovariectomy resulted in larger body size, as predicted by the 295 reproductive cost hypothesis, social isolation of gonadally intact females, which also 296 prevented allocation to eggs, did not alter final body size in comparison to reproductively 297 active females (Fig. 4A) . Moore, 1995). Because all these tests were performed exclusively in female-larger or 327 monomorphic species, they seem to support the "gonadal androgen" hypothesis (which 328 predicts a negative effect of T on growth here), but they may reflect just general negative 329 effects of supra-physiological levels of T. 330
Other studies had tested effects of castration on male structural body size or growth and 331 whether the effect is reversed by replacement of exogenous T in castrated males (reviewed in 332 Table 1 natural in vivo patterns of gonadal secretion. Therefore, we recommend interpreting the 340 effects of replacement of exogenous T in castrated males with caution and we keep effects of 341 castration alone on male structural body size as a more reliable test of the control of growth 342 by male gonads. We noticed a significant effect of castration on male structural growth was 343 found in five out of six field or laboratory studies that lacked control over the socialwhere experimental individuals were kept in social isolation), castration had no effect on male 347 growth (Table 1) Interactions between social and thermoregulatory or feeding behaviour are also likely (e.g., 362
aggressive males could deter less aggressive individuals from basking places). In this respect, 363
it is important to stress that lizards in our experiments were not only maintained in social 364 isolation (with the exception that Mated females had an adult male in their cages for one day 365 per month) but also in climate-controlled chambers, which prevents their ability to 366 thermoregulate. In our previous study, we documented that SSD is greatly sensitive to thermal 367 environment in P. picta (Starostová et al., 2010) . Future laboratory studies will be needed to 368 disentangle the effects of social, thermoregulatory and nutritional environment and their 369 interactions with hormonal status on growth in male lizards. 370 Limitation of energy availability for growth due to high reproductive costs in females also 371 does not explain male-larger body length in P. picta. Previously, we had estimated that the 372 rate of energy allocation to reproduction in continuously breeding females of P. picta at 27 °C 373 Testosterone and Intact males, but males in all treatment groups grew to similar final SVL 394 (Fig. 3) . Moreover, Intact males and Mated females followed the same growth trajectory for 395 an extended period even after the dramatic increase in allocation to reproduction in the latter 396 group had begun. That, too, is contrary to predictions based on the "energy allocation" 397 hypothesis (see also Starostová et al. 2010) . 398
We prevented female allocation to reproduction in P. picta in two ways: by maintaining 399 one treatment group in social isolation (Intact females) and ovariectomizing the other. While 400 we predicted that both would reach similar body size, the Ovariectomized females became 401 much fatter and grew to significantly larger final SVL that is atypical for females of this 402 species (Fig. 4) female gonads not only prevents reproduction but it also has dramatic effects on female 406 growth and other aspects of physiology. Interestingly, although castration and T replacement 407 had no effect on final body size in males of P. picta, T implants significantly increased final 408 SVL in females in a manner similar to the effect of ovariectomy (Fig. 4A) . We suggest that 409 this effect on growth in females could be attributed to elevated T levels interfering with (Table 2) . We are 429 aware of 10 studies, including nine squamate species, that manipulated hormonal levels in 430 females either by ovariectomy or by addition of exogenous T. Notably, such manipulations 431 had positive effects on female body size in all male-larger species, while these effects were 432 negative in all female-larger species (Table 2) . Crews et al. (1985) reported no significant 433 effect of T treatment on growth in females or castrated males (see our note in Table 1 ), which 434 might be caused by non-functional T implants (plasma T levels were not measured in the 435 manipulated individuals). The contrasting results from similar treatments in different species 436 of geckos and iguanids suggest that the pattern is not driven by phylogenetic position, but that 437 it might indeed reflect differences of growth regulation in male-larger versus female-larger 438 effect of exogenous T on growth in females (as seen also in other species mentioned in Table  449 2) to interference with normal ovarian function that causes defeminization. Nevertheless, 450 masculinization of female growth by increased T levels cannot be ruled out until it is tested in 451 future studies by examining growth in ovariectomized females with and without T implants. 452
We emphasize that the final structural body sizes of both Testosterone females and 453
Ovariectomized females in P. picta in this experiment were still significantly smaller than that 454 of Intact males. This finding suggests that part of SSD in final body size can be attributed to 455 developmental processes during embryonic development or postembryonic ontogeny before 456 the age at surgical manipulation in this study. Note that experimental females had similar 457 SVL, but smaller body mass than males at the time of surgery. A non-exclusive alternative is 458 that final body size may be linked to sexual differences in genotype (sex chromosomes). In summary, we conclude that, at least within certain limits of the conditions in our 463 experimental study, structural body size of female lizards and hence SSD seem to be 464 controlled by endogenous factors rather than by resource availability for growth in P. picta. A 465 recent study (Duncan, 2011) found that T affects levels of an important member (insulin-like 466 growth factor 1) of the endocrine growth axis in lizards. We suggest, however, that these 467 observed effects in lizards may be indirect and sensitive to environmental settings of 468 particular experiments. We also suggest that female -not male -gonadal function seems to 469 be a promising candidate for an endocrine mechanism directly affecting the growth axis in 470 squamate reptiles and thus largely controlling SSD in structural body size. In P. picta, and 471 potentially other species we offer indirect support for the function of female gonadal 472 hormones in the evolution of SSD. 473 Table 1 . Summary of the effects of castration (C) and testosterone replacement in castrated males (C + T) on male structural growth in squamate reptiles. The positive effect of castration on growth was evident only in long-term observation. Only castrated males with and without T implant were compared, no control group was included into the experiment.
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